RADIATION IMACffi STORAGE PANEL 
AND PROCESS FOR REAPING RADIATION IMAG E INFORMATION 



FIELD OF THE INVENTION 

The present invention relates to a radiation iitage 
storage panel favorably enployable in a radiation image 
recording and reproducing method utilizing stimulated 
emission. The invention also relates to a process for 
reading radiation image information stored in the radia- 
tion image storage panel. 

BACKGROUND OF THE INVENTION 

When a stimulable phosphor is exposed to a radiation 
such as X-ray, it absorbs and stores a portion of the 
radiation energy. The stimulable phosphor then emits 
stimulated emission according to the level of the stored 
energy when the phosphor is exposed to an electromagnetic 
vTave such as visible light or infrared rays (i.e., stimu- 
lating ray) • 

A radiation image recording and reproducing method 
utilizing the stimulable phosphor has been widely em- 
ployed practically- The method employs a radiation image 
storage panel cottprising the stimulable phosphor, and 
COttprises the steps of causing the stimulable phosphor of 
the storage panel to absorb radiation energy having 
pa-ssed through an object or having radiated from an ob- 
ject; sequentially exciting the stimiulable phosphor with 
a stimulating ray such as a laser beam to emit a stimu- 
lated emission; and photoelectrically detecting the emit- 
ted light to obtain electric signals. The storage panel 
thus treated is subjected to a step for erasing radiation 
energy remaining therein, and then stored for the use in 
the next recording and reproducing procedure. Thus, the 



radiation itiage storage panel can be repeatedly used. 

The radiation image storage panel (often referred to 
as stitmilable phosphor sheet) has a basic structure com- 
prising a support and a stitmilable phosphor layer pro- 
vided thereon. On the free surface (siurface not facing 
the support) of the phosphor layer, a protective film is 
generally placed to keep the phosphor layer from chemical 
deterioration or physical damage . 

The stimulable phosphor layer usually conprises a 
binder and stimulable phosphor particles dispersed there- 
in, but it may consist of agglomerated phosphor without 
binder , 

In United States Patent ;^plication No. 09/749,623, 
a modified radiation image recording and reproducing 
method is described. In the method, a fxmction for ab- 
sorbing radiation and a function for storing the radia- 
tion energy are separated, while a stimulable phosphor 
used in the known radiation image recording and reproduc- 
ing method perfortns both fvmctions. For that purpose, a 
radiation image storage panel coctprising at least a 
stimulable phosphor (for storage) and a fluorescent 
screen comprising a fluorescent phosphor which absorbs 
radiation and emits ultraviolet or visible light are used 
in combination- The method conprises the steps of expos- 
ing the fluorescent screen to a radiation having passed 
through an object or having radiated from an object and 
converting the radiation into ultraviolet or visible 
light by the fluorescent phosphor,- having the ultraviolet 
or visible light absorbed by the stimulable phosphor; 
sequentially scanning a stimulating ray on the stimulable 
phosphor of the storage panel to emit a stimulated emis- 
sion; and photoelectrical ly detecting the endtted light 
to obtain 'electric sigmls of the radiation image . The 
radiation image storage panel of the present invention 
can be enployed in the method of USSN 09/749,623, 

A modified process for reading radiation image in- 



formation in the form of siimlated emission is also pro- 
posed so as to shorten the time for reading, to manufac- 
ture a small-sized apparatus and to reduce the manufac- 
turing cost. In the proposed process, the radiation 
image is divided into pixels by a photodetector (such as 
a two-dimensional solid image pick-up device or a semi- 
conductor line sensor) to obtain a time -dependent series 
of image signals through an electric circuit, Japanese 
Patent Publication No, 5-32945 describes an apparatus for 
a process comprising the steps of exposing a radiation 
image storage panel to stimulating rays having emitted 
from a light source (e.g., a fluorescent lamp) through a 
slit for linearly stimulating the storage panel (i.e., 
line stimulation) , and detecting the stimulated emission 
having emitted from the storage panel by a line sensor 
cottprising many photoelectric converting elements {i.e., 
line detection) . The line sensor is placed so that it 
can face the stimulating rays -exposed area of the storage 
panel . 

In the radiation image recording and reproducing 
method (and the process for reading radiation image in- 
formation) described above, the obtained image signals 
can be subjected to various image -processing so that a 
sufficient amoxmt of image iixformation can be obtained 
by applying a small dose of radiation. Further, since 
the radiation image storage panel can be repeatedly used, 
the method is also advantageous from the viewpoint of 
conservation of resources and economic efficiency . 

It is desired that radiation image storage panels 
used in these methods have sensitivity as high as pos- 
sible and to provide an image of as high quality (e.g., 
high sharpness, high grciininess) as possible. 

For improving the sensitivity and the image quality, 
some methods have been already proposed. For exattple, 
Japanese Patent Publication No. 7-27078 describes a radi- 
ation image information reading apparatus for the process 



using a radiation image storage panel having a stiinulable 
phosphor layer formed by vapor-accumulating method* The 
stimulable phosphor layer in the panel is connposed of 
prismatic blocks sectioned with cracks • The stimulating 
rays are applied on one face of the storage panel, and 
the stimulated emission emitting from the same surface is 
detected by a photoelectric converter* Further, Japanese 
Patent Provisional Publication No. 62-47600 proposes a 
method in v?hich a stimulable phosphor layer of radiation 
image storage panel is formed by electron beam- evaporat- 
ing method (vdiich is a kind of vapor deposition method) . 
In the method, an electron beam generated by an electron 
gun is applied onto a stimulable phosphor or starting 
materials thereof (vapor source) to vaporize the source/ 
to scatter and to deposit the vapor on the svirface of the 
support • Thus formed phosphor layer consists of pris- 
matic crystals of the stimulable phosphor. Generally, a 
phosphor layer formed by vapor deposition method such as 
electron beam-evaporating method coirprises only a 
stimulable phosphor with no binder, and in the phosphor 
layer there are cracks among the prismatic crystals of 
the stimulable phosphor • For this reason, the stimulat- 
ing rays are efficiently applied to the phosphor and the 
stimulated emission are also efficiently taken out. 
Hence, a radiation image of high sharpness can be ob- 
tained with high sensitivity. 

In the case where the phosphor layer is formed on 
the support by vapor deposition method such as electron 
beam- evaporating method, formed prismatic phosphor crys- 
tals have growing open ends (top ends not facing to the 
support) that usually have flat surfaces or various com- 
plex surfaces (mixture of flat, concave and convex smr- 
faces) . The present inventor has found that, if the end 
(top) of each prismatic crystal has a flat or concave 
siarface, the stimulated emission is diffused when it com- 
es out from the sixrface of the phosphor layer, even 



though the stimulating rays and the stimalated emission 
are not diffused in the phosphor layer of the prismatic 
phosphor crystals. In that case, even if photoelectric 
converters receive the emission through a light-collect- 
ing optical system, the emission is so diffused as to 
lower the light-collecting efficiency. Consequently, the 
sensitivity and the image quality such as sharpness are 
impaired. 

SIM^IARY OF THE INVENTIQKf 

An object of the present invention is to provide a 
radiation image storage panel which is inproved in sensi- 
tivity and collecting efficiency of stimulated emission* 

Another object of the invention is to provide a 
process for reading radiation image information, by vAxich 
a radiation image of high quality can be rapidly obtained 
with high sensitivity. 

The present invention resides in a radiation image 
storage panel conprising a support sheet and a phosphor 
layer formed on a surface of the support sheet by vapor- 
accumulating method, vfcerein the phosphor layer corrprises 
prismatic crystals of phosphor aligned in the same direc- 
tion, and each of the crystals has a convex surface at 
one end. 

Here, "each of the crystals has a convex sutrface at 
one of the ends" means that not less than 95% of the 
prismatic crystals have convex ends. 

Preferred embodiments of the radiation image storage 
panel are as follows* 

(1) The radiation image storage panel wherein the 
phosphor is stimulable phosphor. 

(2) The radiation image storage panel, wherein the 
crystal has a convex siorf ace at the end not facing the 
surface of the support. 

(3) The radiation image storage panel wherein the 



support is a transparent support, and the crystal has a 
convex surface at the end facing the surface of the sup- 
port:. 

(4) The radiation ittage storage panel wherein the 
convex surface is a spherical surface. 

(5) The radiation image storage panel vAierein the 
pristt^tic crystals of phosphor are aligned peiTpendicu- 
larly to the s\arface of the support* 

The invention also resides in a process for prepar- 
ing a radiation in:a.ge storage panel, cotrprising applying 
electron beams to a stimulable phosphor source to vapor- 
ize the phosphor source and depositing the vapor of the 
phosphor soiarce on the surface of the support, in vjhich 
the electron beanis are gradually reduced in their energy 
just before the deposition is complete. 

The invention^s^further resides in a process for 
reading radiation itnage information comprising the steps 
of: 

moving in one direction the radiation image storage 
panel of ^;ainry ;>n which radiation image information is 
recorded and stored, in relation to a line sensor which 
conprises plural photoelectric converting elements ar- 
ranged linearly and which is placed over the convex sur- 
faces of the aligned prismatic phosphors of the storage 
panel on a line extending from the end of the convex 
surface of the aligned prismatic crystal in the same 
direction, under such condition that the line sensor 
moves on a plane parallel to the storage panel, while the 
phosphor layer of the storage panel is scanned with stim- 
ulating rays in a direction which is different from the 
direction of the movement of the storage panel and the 
stimulating lays are applied onto the phosphor layer ap- 
proximately parallel to the aligning direction of the 
prismatic phosphor crystals in the phosphor layers- 
detecting an emission emitting from the phosphor 
layer of the storage panel by the line sensor, so as to 



photoelectrically convert the emission to an electric 
signal ; 

detecting an electric signal of the ttK^vement of the 
storage panel in relation to the line sensor; 
and 

coctparing the signal of the emission and the signal 
of the TXTOvement of the storage panel to produce a radia- 
tion image information in the form of electric signals. 

The invention furthermore resides in a process for 
reading radiation image information, conprising the steps 
of: 

moving in one direction the radiation image storage 
panel ofe:;cla^^^on which radiation image information is 
recorded and stored, in relation to a line sensor which 
comprises plural photoelectric converting elements ar- 
ranged linearly and which is placed below the support of 
the storage panel on a line extending from the end of the 
convex sinrface of the aligned prismatic ciystal in the 
same direction, under such condition that the line sensor 
moves on a plane parallel to the storage panel, while the 
phosphor layer of the storage panel is scanned with stim- 
ulating rays in a direction vfliich is different from the 
direction of the movement of the storage panel and the 
stimulating(^gs| are applied onto the phosphor layer ap- 
proximately parallel to the aligning direction of the 
prismatic phosphDr crystals in the phosphor layer; 

detecting an emission emitting from the phosphor 
layer of the storage panel by the line sensor, so as to 
photoelectrically convert the emission to an electric 
signal; 

detecting an electric signal of the movement of the 
storage panel in relation to the line sensor; 
and 

conparing the signal of the emission and the signal 
of the movement of the storage panel to produce a radia- 
tion image information in the form of electric signals. 



BRIEF DESCRTPTION O P nRMJINGS 



Fig. 1 is a schematic sectional view showing consti- 
tution of a radiation image storage panel of the inven- 
tion. 

Each of Fig. 2 (1) and (2) is a schematic sectional 
view showing the stiraalated emission coming out from the 
end of the prismatic crystal in the radiation image stor- 
age panel of the invention or in a known radiation image 
storage panel/ respectively. 

Each of Fig. 3 (1) to (5) is a sectional view show- 
ing a shape of the end of prismatic crystal according to 
the invention. 

Fig. 4 is a schematic sectional view showing consti- 
; tution of another radiation image storage panel of the 
invention. 

Fig. 5 is a schematic sectional view showing consti- 
tution of another radiation image storage panel of the 
invention . 

D Fig. 6 is a sketch showing a radiation image infor- 

mation-reading apparatus for performing the process of 
the invention. 

Fig. 7 is a sectional view of the apparatus shown in 
Fig. 6 taken along the I- I line. 
5 Fig. 8 is a sketch showing another radiaticai image 

information-reading apparatus for performing the process 

of the invention. r- — — _ 

Each of Fig, 9 (1) and (2) is an Vlectromicroscc^ Cpic^;) 
image showing shapes of the ends of prismatic crystals 
30 according to the invention. 

ngrraTT.T^ pR fiCRIPTION OF THE IN \7ENTi:ON 
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The constitution of a radiation image storage panel 
of the invention is explained below by referring to the 
attached drawings. 



Fig. 1 is a paxtial sectional view schematically 
showing constitution of a radiation image storage panel 
of the invention. In Fig, 1, the radiation image storage 
panel lO cotrprises a support 11 and a phosphor layer 12 • 
The phosphor layer 12 conprises a nimtoer of prismatic 
phosphor crystals 13, and among the prismatic crystals 13 
there are cracks 14. The prismatic crystals 13 are 
aligned perpendicularly to 'the surface of the support ii/ 
and each of them has a convex end (top) 13a. 

Each prismatic crystal 13 generally has a width of 1 
to 100 /im. The height of each prismatic crystal 13 
(namely, the thickness of the phosphor layer 12) is gen- 
erally in the range of 50 to 1,000 /im, preferably in the 
range of 200 to 700 fm. The width of each crack 14 is 
generally in the range of 0 to 10 /Ltm. 

Fig. 2 (1) and (2) are schematic sectional views 
showing the stimulated emission coming out from the end 
of prismatic crystal. The prismatic crystal 13 in Fig. 1 
according to the invention and a conventional prismatic 
crystal are shown in Fig. 2-(l) and -(2), respectively. 

In Fig. 2-(l), the stimulated emission (m^, m^ or mj) 
is generated at a certain point 13b in the prismatic 
crystal 13 of the invention provided on the support 11. 
The emission then travels in all directions, but in any 
direction the emission of the stimulated emission is re- 
peatedly reflected by the support 11 or by the interface 
between the prismatic crystal 13 and air {in the crack) , 
and consequently the emission reaches the end I3a, Since 
the end 13a has a spherical surface, almost all of the 
emissions (mi, and xa^) come out of the end 13a perpen- 
dicularly or nearly perpendicularly to the support 11. 

In Fig. 2- (2), the stimulated emission (mi, mg or vc^) 
is generated at a point 16b (corresponding to the point 
13b in Fig. 2 (1)) in a conventional prismatic crystal 16 
provided on the support 15. The emission then travels in 
all directions, and is repeatedly reflected by the sup- 
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port 15 or by the interface between the prismatic crystal 
16 and air (the crack) to reach the end 16a. Since the 
end 16a has a flat surface, the emissions {x^, mz and ttij) 
come out of the end 16a in various directions and conse- 
quently the stimulated emission is diffused. 

As described above, since the prismatic crystal 
according to the invention has a convex end surface, an 
increased amount of the stimulated emission comes out of 
the prismatic crystal (i.e., the phosphor layer) in the 
aligning direction (perpendicularly, in the above case) . 

The end 13a of the prismatic crystal 13 preferably 
has a spherical surface, as shown in Fig. 2- (1) . Howev- 
er, as long as the end has a convex surface, any shapes 
(like shown in Fig. 3) can be used. 

Each of Fig. 3-{l) to -(5) is a sectional view show- 
ing a shape of the end of prismatic crystal according to 
the invention. Fig. 3-(l) shows a conical end, Fig, 3- 
(2) to -(4) show spherical ends having various radiuses, 
and Fig. 3- (5) shows a spherical end having a flat top- 
It is not necessary that the prismatic crystals 13 
of the phosphor be aligned perpendicularly to the sup- 
port, as shown in Fig. 1, in the radiation image storage 
panel of the invention. The crystals may be aligned 
c±)liquely at a certain angle to the perpendicular direc- 
tion • The angle is preferably within the range of ±45'^, 

Fig. 4 is a partial sectional view schematically 
showing constitution of another radiation image storage 
panel of the invention. In Fig. 4, the radiation image 
storage panel 20 comprises a support 21 and a phosphor 
layer 22, The phosphor layer 22 conprises a number of 
prismatic phosphor crystals 23/ and among the prismatic 
crystals 23 there are produced cracks 24. The prismatic 
crystals 23 are aligned obliquely to the support 21, and 
each of them has a convex end (top) 23a. 

Otherwise, the radiation image storage panel of the 
invention may have the constitution shown in Fig. 5. 
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Fig. 5 is a partial sectional view schematically 
showing the constitution of a different radiation image 
storage panel according to the invention. In Fig- 5, the 
radiation image storage panel 30 comprises a transparent 
support 31, an adhesive layer 35 and a phosphor layer 32. 
The phosphor layer 32 cotrprises a number of prismatic 
phosphor crystals 33, and among the prismatic crystals 33 
there are produced cracks 34. The prismatic crystals 33 
are aligned perpendicularly to the support 31, and each 
of them has a convex end (bottom) 33a on the support side 
and a flat end (top) 33c on the opposite side- 

When radiation image inforrmtion is read out of the 
radiation image storage panel shown in Pig. 5, the stimu- 
lating rays are applied onto the flat surfaces of the 
prismatic phosphor crystals 32 (top side of the storage 
panel) and the stimulated emission is detected on the 
support 31 side (bottom side of the storage .panel) . In 
this case, since the prismatic crystals 33 have flat ends 
(tops) 33c on the stimulating side, the stimulating rays 
are not scattered on the end (top) surfaces • Further, 
since the crystals 33 have convex ends {bottoms) 33a on 
the detecting side, the stimulated emission is not dif- 
fused at the bottom surfaces. Accordingly, not only the 
collecting efficiency of stimulated emission but also the 
incident efficiency of stimulating ray is so iitproved 
that high sensitivity and high image quality can be real- 
ized. 

The process for preparing the radiation image stor- 
age panel of the invention is described below in the case 
where the phosphor is a stiraulable phosphor. 

The support ett^iloyed in the invention can be option- 
ally selected from those enployed in the conventional 
radiation image storage panels. If the support is used 
as a substance for forming the phosphor layer by vapor 
deposition method, preferred supports are sheets of 
quart:z glass, metals (e.g., aluminum, iron, tin, chromi- 
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um) and resins (e.g., aramide) . It is known that, for 
improving sensitivity or image quality (sharpness, grain- 
iness) , a conventional radiation image storage panel may 
have a light -reflecting layer containing light -reflecting 
material such as titaniijun dioxide and/or a light -absorb- 
ing layer containing light -absorbing material such as 
carbon black. Also in the storage panel of the inven- 
tion, these layexfcj can be opLioixally provided. Further, 
for inproving the sharpness of the resultant image, fine 
hollows or warts may be formed on the phosphor layer- side 
sxxirface of the support (or on the phosphor layer-side 
surface of the aioxiliary layer such as an undercoating 
layer (adhesive layer) , the light-reflecting layer or the 
light -absorbing layer, if it is provided) • 

On the support, the phosphor layer is formed by 
vapor deposition method. 

As the stimulable phosphor, a phosphor ^-iving a 
stimulated emission in the wavelength region of 300 to 
SOO nm when it is irradiated with stimulating rays in the 
wavelength region of 400 to 900 nm is preferably em- 
ployed, 

A particularly preferred stimulable phosphor is an 
allcali metal halide phosphor having the following formula 
(I): 

M^X»aM"X'2*tM^^^X' SizA (I) 

in which is at least one alkali metal element selected 
from the group consisting of Li, Na, K, Rb and Cs; M^^ is 
at least one alkaline earth metal element or divalent 
metal element selected from the group consisting of Be, 
M^, Ca, Sr, Ba, Ni, Cu, Zn and Cd; M^^^ is at least one 
rare earth element or trivalent metal element selected 
from the group consisting of Sc, Y", La, Ce, Pr, Nd, Pm, 
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Al, Ga and In; A 
is at least one rare earth element or metal element se-- 
lected from the group consisting of Y, Ce, Pr, Nd, Sm, 
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Eu, Gd, Tb, Dy, Ho, Er, Tim, Yb, m, Na, VSg, Ca, Ag, Tl 
and Bi; each of X, X' and X' ' independently is at least 
one halogen selected from the group consisting of F, Cl, 
Br and I; and a, b and z are nvutibers satisfying the con- 
ditions of 0sa<0.5, 0sb<0.5 and 0sz<0.2, respectively. 

In the formala (I) , at least Cs is preferably in- 
cluded as at least Br is preferably included as X, and 
A is particularly preferably Eu or Bi. The phosphor of 
the formula (I) may contain a metal oxide (such as alumi- 
num oxide, silicon dioxide or zirconium oxide) as an 
additives in an amount of not more than 0,5 mol based on 
1 mol of M^. 

Another preferred stimulable phosphor is a rare 
earth activated al3caline earth metal f luoride-halide 
phosphor having the following formula (II) : 

M"FX:2lin ' (^I) 

in which M^^ is at least one alkaline earth metal element 
selected from the group consisting of Ba, Sr and Ca; m 
is at least one rare earth element selected from the 
group consisting of Ce, Pr, Sm, Eu, Tb, Dy, Ho, Nd, Er, 
Tm and Yb; X is at least one halogen selected from the 
group consisting of CI, Br and I; and z is a number sat- 
isfying the condition of 0<zs0.2. 

In the fontuala (II) , Ba is preferably included in an 
aixKJunt of half or more of and Ln particularly pref- 
erably is Eu or Ce, The M"FX in the formula (II) indi- 
cates the crystal structure of BaFX, and it by no means 
30 indicates F:X=1:1. The formala (ID, therefore, does not 
indicate resultant stoichiometric conposition. It is 
generally preferred to produce many F*(X-) centers (which 
are vacant lattice points of X" ion) in a BaFX crystal, so 
as to eiihance the efficiency of emission stimulated by 
35 light in the wavelength region of 600 to 700 nm. In many 
cases, F is in slight excess of X. 
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One or more of the following additives toay be added 
into the phosphor of the formula (II) , if needed, al- 
though they are omitted in the fonnala (II) : 

In the above fonnula, A is a metal oxide such as AI2O3, 
Si02 or ZrOi- For preventing M"EX particles from sinter- 
ing, A is preferably inactive to M"FX and is preferably 

10 in the form of fine particles (the mean size of primary 
particles is not more than 0 • 1 /xm) . is a confound of 
at least one alkali metal element selected from the group 
consisting of Li, Na, K, Rb and Cs; N" is a conpound of 
alkaline earth metal element Mg and/or Be; and N^^^ is a 

15 corrpound of at least one trivalent metal element selected 
from the group consisting of Al^ Ga, In, Tl, Sc, Y, La, 
Gd and Lu. 

The letters b, x and y represent added amounts of 
the additives, based on 1 mol of M"FX v;hen the additives 
20 are added into the phosphor. They satisfy the conditions 
of O^b^O.5, 05W^2, 0^:x^0,3 and 0^y50,3. The amounts of 
the additives often decrease during sintering and washing 
processes, and hence the b, w, x and y do not alv;ays 
indicate the ratios of the cottponents in the resultant 
25 phosphor. Some of the additives are not changed to re- 
main in the resultant phosphor, but others are reacted 
with or incorporated in M^^EX. 

Further, other additives can be added into the phos- 
phor of the formula (II) , if needed. Examples of the 
30 additives include Zn and Cd compounds; metal oxides such 
as TiOi/ BeO, CaO, SrO, BaO, ZnO, Y2O3, La203, InPa, 

Ge02/ SnOj/ NbjOg, TazOg and ThOs/ Zr and Sc cottpounds; B 
compo\ands; As and Si corrpouads; tetraf luoroborates ; hexa- 
f luoro compounds (monovalent or divalent salts of hexa- 
35 fluorosilicate, hexafluorotitanate and hexaf luorozirco- 
nate) ; and compounds of transition metal such as V, Cr, 
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Mn, Fe, Co and Ni. Further, whether the above additives 
are incorporated or not, any rare earth activated alka- 
line earth metal f luorohalide stimulable phosphor can be 
used in the invention. 

5 The phosphor used in the invention is not restricted 

to a stitnulal^le phosphor, A phosphor giving a spontane- 
ous emission in the ultraviolet or visible v/avelength 
region when it absorbs a radiation such as X-ray can ]De 
also employed in the invention. Examples of these phos- 

10 phors include LnTaO^: (Nb,Gd) , Isa^SiOsiCe, UnOXtTm (where 
lin is a rare earth element) , GsX (where X is a halogen) , 
Gd^O^SiTb, Gd^O^SiPr^Ce, ZnWO^, L\Al(D3:Ce. Gd^GasOi^zCr.Ce 
and HfOj. 

In the present invention, the phosphor layer can be 
15 formed by electron beam-evaporating method, which is a 

kind of vapor deposition method. The electron beam-evap- 
orating method gives regularly aligned prismatic crystals 
having good shape. Further, since the vapor source is 
locally heated and instantly vaporized, the cottposition 
20 of the resultant phosphor in the layer is usxially almost 
the same as that of the phosphor of the vapor source. In 
contrast, in other vapor deposition methods, since a com- 
ponent having a high vapor pressure is preferentially 
vaporized (for exaitple, an activator is vaporized prior 
25 to the phosphor matrix conrponents) , the conposition of 

the resultant phosphor may be not coincident with that of 
the phosphor of the vapor source. 

In the first place, a stimulable phosphor of vapor 
source and a substrate on which the vapor is to be depos- 
30 ited are set in an vapor- deposition apparatus. The appa- 
ratus is then evacuated to give a pressure of 3 x 10"" to 
3 X 10-^2 kg/cm?. The substrate is placed perpendicularly 
to the direction in which the vapor comes out of the 
source. Inert gases such as Ar and Ne may be introduced 
35 into the apparatus while the vacuum is kept in the above 
range. 
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The stimiilable phosphor is preferably conpressed to 
form a pellet. The pressure of corrpressing is generally 
in the range of 800 to 1,000 kg/crtf- The phosphor may be 
heated in the range of 50 to 200^ during the corrpressing 
process, and after the corrpression is complete/ the ob- 
tained pellet may be degassed. By the coitpressing pro- 
cess, the relative density of the vapor so\irce can be 
increased. If the vapor source has a low relative densi- 
ty, the phosphor is often so non-uniformly vaporized that 
the deposited film has an uneven thickness, that bunped 
substances deposit on the substrate or that the activa- 
tors or additives of the phosphor are segregated in the 
deposited film. In place of the stimulable phosphor, a 
mixture of starting materials for the formation of the 
stimulable phosphor can be used as the vapor source. 

In the second place, an electron beam generated by 
an electron gun is applied onto the vapor source* The 
accelerating voltage of electron beam is preferably in 
the range of 1.5 kV to 5.0 kV. If it is less than 1.5 
kV, the voltage is so unstable that the beam position 
drifts. Further, since the surface of vapor source 
scanned by the electron beam is deformed, the vaporizing 
surface can not be kept flat. If the accelerating volt- 
age is higher than 5.0 kV, the prismatic phosphor crys- 
tals grow unevenly in a gas phase by vaporization. 

By applying the electron beam, the stimulable phos- 
phor of vapor source is heated, scattered and deposited 
on the substrate. The deposition rate of the phosphor is 
generally in the range of 0.1 to 1,000 /im/minute, prefer- 
ably in the range of 1 to 100 ^m/minute. Just before the 
step of completing the vapor-deposition process, the 
power of the electron beam is gradually lowered so as to 
make desired convex ends of grown prismatic crystals. 

The electron beam may be applied twice or more to 
form two or more phosphor layers. Further, two or more 
kinds of phosphors may be co- deposited by means of plural 
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electron guns. It is also possible that the phosphor 
layer be formed on the substrate simultaneously with syn- 
thesizing the phosphor from tnaterials. The siibstrate may 
be cooled or heated, if needed, during the deposition 
process, or may be subjected to heat treatment (annealing 
treatment) after the deposition process is complete. 

The vapor-deposition method used in the invention is 
not restricted to the electron beam-evaporating method, 
and various other methods such as resistance -heating 
method and spattering method can be used. 

In the above-described manner, the phosphor layer in 
which the prismatic stimalable phosphor crystals are 
aligned almost peirpendicularly to the substrate (support) 
as shown in Fig. 1 can be formed. Thus formed phosphor 
layer comprises only the stimculable phosphor with no 
binder / and there are cracks among the prismatic crys- 
tals- 

The phosphor layer in which the prismatic crystals 
are obliquely aligned (as shown in Fig. 4) can be also 
formed in the process of electron beam-evaporating by 
placing the substrate at an angle of O'' to 45*=' (e.g./ at 
45*=*) with the direction perpendicular to the direction 
along which the vapor comes. 

For forming the phosphor layer having the constitu- 
tion shown in Fig. 5, a phosphor layer is first formed in 
a vapor phase on a substrate (such as a glass plate, a 
metal plate or a plastic sheet) from a stimalable phos- 
phor ijrx the above manner. The formed phosphor layer is 
then peeled off from the substrate, and reversely placed 
on a transparent support with an adhesive. Materials of 
the transparent support can be selected independently 
from the condition of vapor deposition, and are deter- 
mined in consideration of mechanical and optical charac- 
ters according to the use of the storage panel. Pre- 
ferred exaiTples of the transparent supports include a 
quartz glass sheet and a resin sheet such as polyethylene 
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terephthalate sheet. 

It is preferred to provide a protective film on the 
surface of phosphor layer, so as to ensure good handling 
of the radiation image storage panel in transportation 
and to avoid deterioration. The protective film is pref- 
erably transparent. Further, for protecting the panel 
from chemical deterioration and physical damage/ the 
protective film must be chemically stable, of high mois- 
ture proof and physically strong. 

The protective film can be provided by coating the 
stimulable phosphor layer with a solution in which a 
transparent organic polymer (e.g., cellulose derivatives, 
polymethyl methacrylate , fluororesins soluble in organic 
solvents) is dissolved in a proper solvent, by placing a 
beforehand prepared sheet for the protective film (e.g., 
a film of organic polymer such as polyethylene tere- 
phthalate, a transparent glass plate) on the phosphor 
layer with an adhesive, or by depositing vapor of inor- 
ganic coixpounds on the phosphor layer. 

Various additives may be dispersed in the protective 
film, Exarrples of the additives include light -scattering 
fine particles (e.g./ pairticles of magnesium oxide, zinc 
oxide, titanium dioxide and alumina) / a slipping agent 
(e.g,, powders of perf luoroolef in resin and silicone 
resin) and a crosslinking agent (e.g./ polyisocyanate) , 
The thickness of the protective film is generally in the 
range of about 0.1 to 20 /xm (if the film is made of poly- 
mer material) or in the range of about 100 to 1/000 ^m 
(if the film is made of an inorganic catpound such as 
glass) • For enhancing the resistance to stain, a 
fluororesin layer is preferably provided on the protec- 
tive film. The fluororesin layer can be form by coating 
the surface of the protective film with a solution in 
which a fluororesin is dissolved or dispersed in an or- 
ganic solvent, and drying the coated solution. The 
fluororesin may be used singly, but a mixture of the 
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f luoxoiresiii and a film-forming resin can be enployed. In 
the ntLxture, an oligomer having polysiloxane structure or 
perfluoroalkyl group can be further added. In the 
fluororesin layer, fine particle filler may be incorpo- 
rated so as to reduce blotches caused by interference and 
to inprove the quality of the resultant image. The 
thickness of the fluororesin layer is generally in the 
range of 0.5 to 20 ^m. In forming the fluororesin layer, 
additives such as a crosslinking agent, a film-hardening 
agent and an anti -yellowing agent can be used, in par- 
ticular, the crosslinking agent is advantageously em- 
ployed to itrprove durability of the fluororesin layer. 

Thus, the radiation image storage panel of the in- 
vention can be prepared. The storage panel of the inven- 
tion may have known various structures. For exairple, in 
order to inprove the sharpness of the resultant image, at 
least one of the layers may be colored with a colorant 
which does not absorb the stimulated emission but the 
stimulating rays. 

The process of the invention for reading radiation 
image inforrnation stored in the above-described radiation 
image storage panel is explained below by referring to 
the attached drawings. 

Fig. 6 is a sketch showing a radiation image infor- 
mation-reading apparatus for performing the process of 
the invention. Fig. 7 is a sectional view of the appara- 
t\is of Fig. 6 taken along the I- 1 line. 

In Figs. 6 and 7, a radiation image storage panel 10 
conprises a support 11 and a phosphor layer 12 in which 
30 many prismatic phosphor crystals 13 having convex ©ods 
13a are perpendicularly aligned (as shown in Fig . 1) . 
The storage panel 10 is beforehand exposed to radiation 
(such as X-rays) having passed through an object, and 
hence radiation image information of the object is re- 
35 corded and stored in the storage panel 10. In consider- 
ation of storing efficiency of the radiation energy, the 
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radiation such as X-rays are preferably applied altnost 
perpendicularly to the storage panel 10 so that the inci- 
dent direction may be parallel to the aligning direction 
of the prisTT^tic phosphor crystals 13, The storage panel 
5 10 is placed on the transferring belt 40 so that the 

phosphor layer 12 would be placed upside. Ihe transfer- 
ring belt 40 tnoves in the direction shown by an arrow Y, 
and thereby the storage panel 10 is transferred. The 
transferring speed of the storage panel 10 is identical 
10 with the noving speed of the belt 40, which is input into 
an image - read ing means 50 . 

A broad area laser (hereinafter referred to as BLD) 
41 linearly emits stimulating light L almost parallel to 
the surface of the panel 10, The stimulating light L 
15 passes through an optical system 42 con5)rising a collima- 
tor lens and a toric lens, and is thereby converted into 
parallel rays* The rays are then reflected by a dichroic 
mirror 44 placed at an angle of 45° to the panel 10- The 
dichroic mirror 44 reflects the stimulating rays, but 
20 transmits the stimulated emission. The rays reflected by 
the mirror 44 then advance perpendicularly to the panel 
10; and pass through a distributed index lens array (an 
array of many distributed index lenses, hereinafter re- 
ferred to as 'first SELFOC lens array) 45 to be focused 
25 on the panel 10 linearly along the direction shown by an 
arrow X. 

The linearly focused stimulating rays L are perpen- 
diciilarly applied to the storage panel 10, and thereby a 
stimulated emission M emits from the focused area and 

30 from the adjacent area. The emission M has an intensity 
according to the stored radiation image information. 
Since the phosphor layer 12 of the storage panel 10 com- 
prises prismatic crystals 13 having spherical ends 13a, 
most of the stimulated emission M comes out perpendicu- 

35 larly or almost perpendicularly from the surface of the 
phosphor layer 12 of the storage panel 10. 
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Uxe stimulated emission M is converted into parallel 
rays through the first SELFOC lens array 45, and pass 
through the dichroic mirror 44, The rays M then pass 
through a second SELFOC lens array 46, and are thereby 
focused on photo-receiving faces of photoelectric con- 
verting elements 49 constituting a line sensor 48 placed 
just above the area on vAiich the stimulating rays are fo- 
cused. The line sensor 48 conprises many photoelectric 
converting elements 49 regularly ainrayed in a line having 
at least the length of the area linearly exposed to the 
stimulating rays, and each element corresponds to one 
pixel. Since the line sensor 48 is placed right above 
the area on v;hich the stimulating rays L are focused, the 
stimulated emission which almost perpendicularly comes 
can be efficiently collected- E^irther, the photo-receiv- 
ing faces of the converting elements 49 are so small that 
the light -collecting efficiency is remarkably inproved. 

The stimulated emission M having passed through the 
second SELFOC lens array 46 is slightly contaminated with 
the stimulating rays L reflected by the surface of the 
panel 10, and hence the contaminating rays L are cut off 
with a stimulating ray-cutting filter 47, The filter 47 
does not transmit the stimulating rays L but the stimu- 
lated emission M. 

The stimulated emission M received by the converting 
elements 49 is photoelectrically converted into signals 
\^4lich are then input into the image-reading means 50* 
In the image-reading means 50, the signals S are pro- 
cessed on the basis of the moving speed of the transfer- 
ring belt 40 to obtain image data according to the posi- 
tions of the panel 10, Thus obtained image data are out- 
put on an image -processing apparatus (not shown) . 

The radiation image information- reading apparatus 
used in the invention is not restricted to the embodiment 
shown in Figs. 6 and 7. Each part of the apparatus (such 
as the light source, the light-collecting optical system 




between the light so\irce and the storage panel, the line 
sensor, the optical system between the storage panel and 
the line sensor) may have various known constitution. 

In the above-described embodiment, since the pris- 
matic phosphor crystals in the radiation image storage 
I>anel are aligned perpendicularly, the optical systems 
are designed so that the stimulating rays and the stimu- 
lated emission may be enter and come out, respectively, 
perpendicularly to the panel. However, it is not neces- 
sary that the optical systems be set strictly parallel to 
the aligning direction of the prismatic crystals. Fur- 
ther, in the case where the aligning direction of the 
prismatic crystals is inclined at a certain angle, the 
optical systems may be set so that the stimulating rays 
and the stimulated emission may be enter and come out, 
respectively, parallel or almost parallel to the inclined 
aligning direction. 

As the line light source, a light source having a 
linear shape may be used. Further, a fluorescent lamp, a 
cold cathode fluorescent lamp and a LED (light-emitting 
diode) array can be also used. The line light soircce may 
emit stimulating light either continuously or intermit- 
tently in the form of pulses. For reducing possible 
noises, the stimulating light is preferably in the form 
of pulses with high power. 

Examples of the line sensors include an amorphous 
silicon sensor, a CCD sensor, a CCD with back illviminator 
and MOS image sensor. The line sensor may consist of two 
or three rows of photoelectric converting elements, as 
well as a single row of the elements. 

The radiation image storage panel is preferably 
transferred almost perpendicularly to the longitudinal 
direction of the line light soiirce and the line sensor. 
However, as long as almost all of the surface of the 
panel is evenly exposed to the stimulating rays, the 
panel may be transferred diagonally or in zigzag. 
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In the above emtodiment, the optical system between 
the storage panel and the line sensor is designed to form 
an image isometrically for sinplifying the explanation. 
However, a magnifying or reducing optical system may be 
used- For increasing the light -collecting efficiency, 
the use of an isometrical or magnifying optical system is 
preferred - 

Further, in the above embodiment, the optical path 
of the stimulating rays L and the stimulated emission M 
is partly overlapped to reduce the volume of the appara- 
tus. However, the path of the stimulating rays L may be 
conpletely different from that of the emission M. 

Furthermore, in the above embodiment, the radiation 
image infoxrration is read out vftiile the radiation image 
storage panel is transferred. However, the information 
may be read out while not the storage panel but the line 
sensor is moved along the sxirface of the panel, or while 
both are moved to change their relative positions. 

An image-processing apparatus, in which image data 
signals output from the radiation image information- read- 
ing means are subjected to various signal processin-g, may 
be installed. Further, an erasing means, in which radia- 
tion energy remaining in the panel after reading is ade- 
quately released, may be installed. 

Fig. 8 shows an alternative radiation image informa- 
tion-reading apparatus for performing the process of the 
invention. In Fig. 8, a radiation image storage panel 30 
conprises a transparent support 31 and a phosphor layer 
32 in which many prismatic phosphor crystals 33 having 
convex ends 33a are perpendicularly aligned (as shown in 
Fig. 5) . The storage panel 30 is beforehand exposed to 
radiation (such as X-rays) having passed through an ob- 
ject, and hence radiation image information of the object 
is recorded and stored in the panel 30. The panel 30 is 
placed on a transferring belt 40' so that the phosphor 
layer 32 may take a vcpside position. The transferring 
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belt 40' moves in the direction shown by an arrow Y, and 
thereby the panel 30 is transferred. The transferring 
speed of the panel 30 is identical with the moving speed 
of the belt 40', which is input into an image-reading 
means 50, 

A BLD 41 linearly emits stimulating rays L almost 
perpendicularly to the surface of the panel 30. The 
stimulating rays L pass through an optical system 42 coiti- 
prising a collimator lens and a toric lens, and are there- 
by made to advance perpendicularly to the surface of the 
storage panel 30 and focused on the panel 30 linearly 
along the direction shown by an arrow X, 

The linearly focused stimulating rays L are perpen- 
dicularly applied onto the storage panel 30, and thereby 
a stimulated emission is emitted from the focused area 
and from the adjacent area. At the same time, the stimu- 
lated emission also comes out from the reverse (bot- 
tom) surface of the panel 30 through the transparent 
support 31. The emission M' has an intensity according 
to the stored radiation image information. Since the 
phosphor layer 32 cottprises prismatic crystals 33 having 
spherical ends 33a, most of the stitmilated emission M* 
comes perpendicularly or alnost perpendicularly from the 
reverse surface of the phosphor layer 32 (from the re- 
verse surface of the transparent support 31) . 

The stimulated emission M' pass through a SELiFOC 
lens array 46, and are thereby focused on photo -receiving 
faces of photoelectric converting elements 49 constitut- 
ing a line sensor 48 placed just below the area on which 
the stimulating rays are focused. 

The stimulated emission M' having passed through the 
SELFOC lens array 46 is slightly contaminated with the 
stimulating rays L passing through the panel 30, and 
hence the contaminating rays L are cut off with a stimu- 
lating ray-cutting filter 47 . 

The stimulated emission received by the convert- 
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ing eleitients 49 is pbotbelectrically converted into sig- 
nals S, which are then input into the iinage- reading means 
50. In the image-reading means 50, the signals S are 
processed on the basis of the moving speed of the trans- 
ferring belt 40' to obtain image data according to the 
positions of the panel 30. Thus obtained image data are 
output on an image -processing apparatus (not shown) . 

In the present invention, since the prismatic plJo»- 
phor crystals aligned in a certain direction have convex 
ends on the side from which the stimulated emission is 
detected, the emission is prevented from scattering when 
it comes out of the ends. Consequently, an increased 
artount of the emission comes out almost parallel to the 
aligning direction, and h^ce a radiation image storage 
panel in v*iich the sensitivity and the emission-collect- 
ing efficiency are both inproved is obtained. Further, 
if the crystals have convex ends on the support side (the 
side from which the stimulated emission is detected) and 
flat ends on the phosphor layer svirface (the side onto 
vdiich the stimulating rays are applied) , the emission- 
collecting efficiency and the stimulating rays -applying 
efficiency are both so inproved that the panel giving an 
image of particularly high quality with remarkably im- 
proved sensitivity can be obtained. 

In the process of the invention, the stimalating 
rays are applied almost parallel to the aligning direc- 
tion of the prismatic phosphor crystals in the radiation 
image storage panel described above, and the stimulated 
emission is received by the line sensor placed on the 
30 side of the convex ends and approximately on an extended 
line of the aligning direction. The stimalating rays 
are, therefore, efficiently applied onto the prismatic 
crystals in the phosphor layer, and an increased amount 
of the stimulated emission coming out of the convex ends 
35 parallel to the aligning direction is efficiently re- 
ceived. Accordingly, the image information can be rapid- 
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ly read out, and a radiation image of high quality can be 
reproduced in high sensitivity. The radiation image 
storage panel and the process of the invention is advan- 
tageously used particularly in radiography for medical 
diagnosis, industrial radiography and fluoroscopy. 

EXAMPLE 1 
(1) Preparation of vapor source 

In a mortar, 100 g of cesium bromide (CsBr, 0.47 
mol) and 1.8404 g of europium bromide (EuBra, 4.7 x 10"^ 
mol) were pulverized and mixed. The mixture was further 
stiirxed and mixed for 15 minutes by a stirring shaker, 
and placed in a furnace. The furnace was evacuated for 3 
minutes, and then the mixture was fired at 525''C for 2 
hours \mder xxitrogen gas atmosphere. After the firing 
was conplete, the furnace was evacuated for 15 minutes to 
cool the product- Thus prepared europiiam activated cesi- 
um bromide (CsBr: 0 .OlEu) was pulverized in a mortar, and 
cortpressed at 800 kg/cm^ to form a pellet for vapor 
source. The pellet was evacuated and degassed at 150'=*C 
for 2 hours. 

(2) Fometion of phosphor layer 

The above vapor source was placed at a predetermined 
position in a vapor-deposition apparatus, and an al\atdn\im 
support was set at another predetermined position so that 
it might be perpendicular to the direction in which the 
vapor comes out of the soxurce. After the apparatus was 
evacuated to 4.0 x 10"^ kg/cm^, an electron beam from an 
electron gun (accelerating voltage: 4.0 kV, 60 W) was 
applied onto the vapor source so as to deposit the 
stiraulable phosphor on the support at a rate of 25 
/im/min. The power of the electron beam was then grad- 
ually lowered to 0 for 3 minutes. After the inner pres- 
s\ire was returned to atmospheric pressure, the support 
was taken out of the apparatus. On thus -treated support. 
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a deposited layer (thickness: 200 ^m) consisting of pris- 
matic phosphor crystals (each crystal having the width of 
approx, 8 /xm and the length of approx. 200 /xtn) aligned 
thickly and perpendicularly was formed. The surface of 
the deposited layer was observed with an electron micro- 
scope (SEM) to obtain the micrographs shown in Pig, 9 (1) 
and (2) , which indicated that the prismatic crystals had 
spherical ends on the growing side. 



